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THE POPULAR CONCEPTION OF NANOTECHNOLOGY IS NOT THE REALITY



WHAT IS NANOTECHNOLOGY AND WHY IS IT IMPORTANT?

• Nanotechnology is based on the controlled manipulation of 
very large molecules for specific purposes

• Much of the inspiration for nanotechnology and its applications 
comes from life itself

• Aspects of nanotechnology include

molecular self-assembly

molecular machines

molecular sensing and actuation

• Many significant potential applications of nanotechnology are 
biomedical

• Nanotechnology has the potential to revolutionize 
manufacturing, lowering costs and improving quality, while at 
the same time creating new capabilities that would not be 
possible without its use 



THE POTENTIAL OF NANOTECHNOLOGY CAN BE SEEN IN NATURE



REAL APPLICATIONS OF NANOTECHNOLOGY ARE IN THEIR INFANCY



THIS PRESENTATION WILL BE A TALE OF TWO CENTERS

• The Fiber&Electro-Optics Research Center (FEORC) in the 
College of Engineering has a long and distinguished record of 
extraordinary achievement in research and commercial 
development

• The new Virginia Tech Applied Biosciences Center (VTabc), a 
University Center, shares facilities and personnel with FEORC 
and collaborates closely with it on nanotechnology research 
and commercialization



• FEORC is one of many, many success stories within the College of 
Engineering at Virginia Tech, past and present

• FEORC is perhaps best an example of how an investment of state 
funds and university support can lead to contributions to each of 
Virginia Tech’s multiple land grant university missions – scholarship, 
research and service

• The College of Engineering’s expertise in interdisciplinary 
nanotechnology research provides an extremely significant 
contribution to the future success of “the larger university”

THE COLLEGE OF ENGINEERING IS THE FOCUS FOR INTERDISCIPLINARY 
NANOTECHNOLOGY RESEARCH AT VIRGINIA TECH



• Created: 1985, as first Virginia “CIT” center

• Mission: advanced materials and electronics; emphasis in optics/sensors

• recent co-location with Advanced Biosciences Center

• Discriminator: Industry/government, classified/unclassified research mix

• e.g. $9.6M classified NRL contract – “Optical Sciences Research”

• Activity: > 500 separate research programs; > $35 million

• Production: > 1000 journal/conference papers; > 100 issued patents

• Impact: > 80% of IP licensed by industry

• Impact: > 20 spin-off companies, most in Virginia

FEORC BACKGROUND



• Materials – optical fibers, specialized coatings,   

• Advanced nanocomposites, biomaterials

• Devices – active and passive optical devices, actuator materials

• Sensors – optical fiber sensors, LIDAR, nanosensors, biosensors

• Communication – optical fiber local area and long distance networks

FEORC RESEARCH AREAS



The Virginia Tech Applied Biosciences Center (VTabc) conducts 

focused research and engineering activities involving optics and 

other disciplines to create knowledge and technology to benefit 

the medical, biomedical and veterinary fields, while supporting 

the practical goals of improving services and reducing the costs

of health care.

THE VIRGINIA TECH APPLIED BIOSCIENCES CENTER WAS CREATED IN 2000



preliminary 
focused research

new interdisciplinary 
teams created

external 
funding

proof of 
concept/laboratory 
demonstration, IP

transition to 
start-up 

company or 
licensing

economic 
development

Virginia 
Tech 

funding

university responsibility corporate partner 
responsibility

VTABC HAS A SPECIAL GOAL TO FOSTER COMMERCIALIZATION

VTabc is Focused on Improving Public Health by Making 

Advances in the Biosciences Commercially Available



Virginia Tech

Support ($M)              5

Proposals($M) 56

Awards($M) 15

Disclosures(#) 42

Prov. Patents(#) 25

Utility Patent

Applications(#)           11

Utility Patents(#)             2

Licenses(#) 8

Companies Created(#)   1

Projects(#) 93

Faculty(#)              101

Postdoc’s(#) 16

Grad Students(#) 99

Undergrads(#) 56

Papers(#) 47

Presentations(#) 87

IN ITS FIRST 5 YEARS, VTABC HAS PRODUCED SIGNIFICANT RESULTS

commercialization measures ~ 
5X better than the US university 
average per $1M invested 
[ 2002 Annual Survey, Association of University 
Technical Managers, www.autumn.net ]



During 2003-2004 a variety of research projects were carried out 
involving:

Biomedical image analysis
Spectroscopic cancer screening
Comparative cancer genomics and genetics
Validation of animal modeling systems for cancer
Computational approaches to cancer modeling
Photodynamic therapy
DNA analysis in a test tube using quantum dots
Biocompatible coatings for medical implants
Non-intrusive patient monitoring for eldercare
Magnetic nanoparticle-based systems for targeted drug delivery
DNA analysis chip

FEORC/VTabc carried out a significant portion of this research program 
jointly with the Center for Comparative Oncology at the Virginia 
Maryland Regional College of Veterinary Medicine

FEORC/VTABC RESEARCH INCLUDED NANOTECHNOLOGY PROJECTS



• FEORC/VTabc actively seek collaboration and sponsorship 
from the commercial sector

• The focus is on practical applications

• Researchers have had extensive experience in the commercial 
sector and understand its requirements

• A close relationship exists with the Virginia Tech Intellectual 
Properties Corporation (VTIP), ensuring that the transition of 
scientific research into intellectual property is facilitated

COMMERCIAL PARTNERSHIPS



MATERIALS EXAMPLE – NANO SELF-ASSEMBLY

Conventional route to
synthesize advanced thin films

Nanomolecular modeling

Modified self-assembly
Processing (IP)

e.g. low-cost
artificial diamond



MATERIALS EXAMPLE – “NANO-TO-MACRO”
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“NANO-TO-MACRO” MATERIAL APPLICATIONS

Northrop Grumman, Lockheed Martin,

Boeing, Raytheon, MITRE, others

DARPA, NASA, AF, Navy, Army, MDA, SOCOM



EXAMPLE#1: NANOFABRICATED BIOCOMPATIBLE COATINGS

Problem: the design of biomedical 
implants is always a compromise 
between optimum mechanical 
characteristics and biocompatibility

Solution: mechanically optimum 
implant structures with nanofabricated 
biocompatible coatings

STENTS



ONE OF THE FIRST APPLICATIONS FOR THIS TECHNOLOGY IS 
BIOCOMPATIBLE COATINGS FOR HEMODIALYSIS TUBING



BIOCOMPATIBLE COATINGS HAVE STRONG COMMERCIAL POTENTIAL

• A patent has been filed through VTIP and a license negotiated

• Potential market is large (multi-$B)

• Partnerships have been established with a local company, Valley Nephrology 
Associates of Roanoke, a company that produces dialysis tubing, Fresenius USA, 
and the Department of Nephrology at Wake Forest University

• Discussions have been held through the auspices of VTIP with the Roanoke-New 
River Valley Investment Fund (established by the Carilion Health System, the Virginia 
Tech Foundation and Third Securities LLC) to consider the formation of a company 
based on this technology



EXAMPLE#2: NEXT GENERATION DNA ANALYSIS CHIP

Problem: current DNA analysis requires costly PCR (a patented process), 
utilizes complex statistical analysis and is slow/inefficient

Solution: optical DNA analysis chip having a nanofabricated 
photoluminescent substrate and exploiting the UV absorption difference 
between single stranded and double stranded DNA



THE TECHNIQUE CLEARLY IDENTIFIES UNKNOWN DNA SEQUENCES
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THIS BIOCHIP COULD REPRESENT THE NEXT GENERATION OF DNA ANALYSIS

• The technology eliminates both costly PCR and 
fluorescent tagging

• Patents have been filed on the technology

• The technology has been licensed from VTIP

• A company has been formed based on the IP developed



EXAMPLE#3: DNA ANALYSIS IN A TEST TUBE

Problem: current DNA chips are low volume, 
difficult to use and inefficient

Solution: DNA analysis in a test tube using 
quantum dot “bar coded” microsphere probes



BOTH THE INTENSITY AND THE COLOR OF THE QUANTUM 
DOTS CAN BE CONTROLLED
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THIS TECHNOLOGY HAS THE POTENTIAL TO REVOLUTIONIZE DNA ANALYSIS

• The technology was developed jointly by FEORC, VTabc and 
VBI scientists and engineers

• Has potential as a biohazard sensor for Homeland Security 
Applications

• A patent has been filed on the technology

• Based on his work on this technology, a student, Eric Herz, was 
awarded a prestigious Fulbright Scholarship

• Undergraduate students have contributed significantly to the 
development of this technology



EXAMPLE#4: PHOTODYNAMIC THERAPY

Problem: the chemotherapy used to treat 
cancer indiscriminately attacks the immune 
system of the whole body and is extremely 
dangerous

Solution: targeted cell killing using 
photodynamic therapy



CELL KILLING NANOMOLECULES ARE TUNED TO WAVELENGTH OF BEST 
TISSUE PENETRATION
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THIS TECHNOLOGY OFFERS THE POTENTIAL OF MORE EFFECTIVE 
CANCER THERAPY WITH FEWER SIDE EFFECTS

• Patents have been filed on the technology through VTIP

• The technology has been licensed through VTIP by 
Theralase Inc.



RECENT BUSINESS PUBLICITY



• The College of Engineering is the focus of nanotechnology research and 
development at Virginia Tech

• The College has pro-actively reached out to other parts of the university to 
form the interdisciplinary teams required for successful research on 
nanotechnology

• Partnerships, essential for successful commercialization and transfer of 
the benefits of the research from the laboratory to the private sector, have 
been actively pursued outside the university

• The FEORC/VTabc collaboration clearly demonstrates the success of the 
College of Engineering’s focus on nanotechnology

SUMMARY


